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The research  on t h l s  program s t o r t e d  about one year bpfore,  t h e  cont rac t  I ~ S  
awarded t o  Net.i Mexico Tech. Thd Pr inc ip r r l  I n v e s t i g a t o r ,  Dr. Marx Brook, 
L r o l i l d  be for thcoming from the  NOSL experiment planned f o r  t h e  Space S h l t t I e .  
Thus t h e  o r i g i n a l  con t rac t  m s  t i t l e d  "NOSL Experiment Slipport". fts p a r t  of a 
p r e l i m i n m y  study i t  bias planned t o  use  an o p t i c a l  sensor on an a i rp lane  
f I y i n g  above t lunderstorms. On o p t i c a l  l ightning d e t e c t o r  1.10s conatructed a t  
Net,, Mexico Tech and f lo im,  a long with V in ton  Cnmeros and a F a i r c h i l d  L ine  Scan 
Spectrometer, on a U-2 chiring tho  wmmcr of 1979. The f l i g h t  t.ma successful .  
The U-2 l ightning data  was obta ined i n  d a y l i g h t ,  mnd IJUS siipplemented t.rith 
grmind t ru ih  data taken at  Langmiir  Laboratory.  The o r i g i n a l  funding f o r  t h e  
c o n t r a c t  t.1as 818,088. 
' 
* j o i n e d  t . i i t h  llr. 8ernard Vonnegut t o  i n t e r p r e t  o p t i c a l  l ightning data  r.ihich I !  
The NRSFI co -p r inc ipa l  i n v e s t i g a t o r  iotas M r .  O.H.Vatighan, ES83, MSFC. 
9b-i e c t  i v e s  and R e w i r e  msnts o f  t h e  cont rac t .  
1. Help develop and p a r t i c i p a t e  i n  s i r m l a t i o n s  as r e w i r e d  t o  esi;ablish 
experiment oparaSing procedures nnd science t r o i n i n g  f o r  t h e  ast ronauts i h o  
t.ii11 operate tfte NOSL equipment during the  STS-2 NOSC experiment on t he  Space 
Shu+ t 1 e. 
2 .  Be present i n  t h e  JSC Miss ion Cont ro l  Center t o  a s s i s t  i n  d i r e c t i n g  
t h e  experiment and answer questions. 
3. a s s i s t  i n  the  p repara t i on  o f  t he  f l i gh t  da ta  ana lys i s  and be 
respons ib le  f o r  sec t ions  i n  the  p re l im ina ry  and f i n a l  evaluat ion/exper iment 
ope ra t i on  r e p o r t .  
4. a d d i t i o n a l  requirements invo lved t r a v e l  t o  MFSC and JSC f o r  
c o o r d i n a t i o n  with the  experiment manager and p a r t i c i p a t i o n  i n  the  NOSL cret.1 
t r a i n i n g  exerc ises and s i m l a t i o n s .  
Fundina and Mod i f i c a t i o n s  o f  f he Con t r a c t .  
p r i m a r i l y  f o r  a d d i t i o n a l  t r a v e l  t o  MSFC, JSC, and ftRC. 
On 9/3/80, t he  con t rac t  was anended u i th  the  a d d i t i o n  o f  $3500 i n  funds, 
On 2/23/81, t h e  con t rac t  LIEIS aga in  mod i f i ed  t o  p rov ide  NOSL support f o r  
t h e  r e f l i g h t  o f  t he  NOSL experiment on STS-4 and STS-6. Requirements were 
e s s e n t i a l l y  t he  same as f o r  the  e a r l i e r  STS-2 experiment. The funding bias 
augmented by an a d d i t i o n a l  $15,00B f o r  these a c t i v i t i e s .  
On 7/28/81, tlic! con t rac t  Lias again mod i f i ed  t o  allow Gov't fu rn ished 
p roper t y ,  i n  the  amount o f  $19,0Q)0, t o  be added t o  t h e  cont rac t .  The equipment 
was a Sangamo 'Sabre 80' tape recorder f o r  use i n  ana lyz ing  t h e  m q n e t i c  tapes 
acqu i red  durinp t h e  U-2 a i rc ra f t  o v e r f l i g h t s  o f  t h indws to rms .  By t h i s  t ime  
Netd Mexico Tecfi had fu rn i shed  a slow antenna e l e c t r i c  f ield-change instrument 
t o  M r .  John FIrveson o f  FImes .to he mounted, along w i t h  t h e  o p t i c a l  sensor and 
cameras,in the  0 bay o f  t he  U-2 a i r c r a f t .  
Mod i f i ca t i on  number 4 t o  She cont rac t  was made on 3/29/82 with the  
a d d i t i o n  of $15,88c3 t o  cont inue t h e  ana lys i s  of t h e  NOSL data, and t o  p rov ide  
support  t o  the  L i g h t n i n g  Mapper program admin is tered by O r .  Migh Chr i s t i an .  
.. 
h 
M o d i f i c a t i o n  nimber 5 t.tas made on 3/1/83 !J i ih  the a d d i i i o n  of 820,Q)GB t o  
t h e  c o n t r a c t .  
The no c o s t  e x t e n s i o n s  t o  t h o  con4rac t  wore p r o v i d e d  on 2/29/84, 2/28/85, 
5/31 / 8 5 ,  18/1/85, and 3/31/86. The funded e x t e n s i o n s  were Qranted p r i m a r i l y  
f o r  p e r f o r m i n g  t h e  d a t a  a n a l y s i s  of t h e  U-2 t a p e s ,  and f o r  t r a v e l  t o  MSFC t o  
repar t  t h o  r e s u l t s  r h r i n p  t h e  annual program reviet.1 c o n f e r e n c e .  The f i n a l  
c o n t r a c t  a c t i v i t y  occurred diring +he p e r i o d  p r e c e d i n g  the 1986 H u n t s v i l l e  
f i e l d  propram i.iith t h e  U-2 based  at Wallops I s l a n d .  The p r l n c i p a l  
i n v e s t i . g n t o r  s p e n t  one f u l l  imak at MSFC r e p - i r i n g  and c a l i b r a t i n g  t h o  slou 
Rntenna and  t h e  o p t i c a l  wide-angle d e t e c t o r  (WFID) p r i o r  t o  i t s  deployment on 
t h e  I I - Z  inn t rument  pa l le t te .  The c o n t r a c t  t e r m i n a t e d  on 7/31/86. fl t o t a l  of 
$63,508 Lias involved  i n  t h e  con, t ract  c o v e r i n g  t h e  t o t a l  p e r i o d  f r o m  f lpr i l  1 
1986 t o  J u l y  31 1986. 
C o n t r a c t  R e s u l t s .  
d u r i n g  t h e  Space S h u t t l e  f l i y h t s ,  and p r e p a r a t i o n  of exper imenta l  d a t a  and ' 
r e s u l t s  u e r e  accomplished a s  o u t l i n e d  i n  t h e  c o n t r a c t  requi rements .  F t i r ther  , 
a c t i v i t i e s  r e l a t e d  t o  t h e  NFISfl LtQhtninQ Mapper P r o Q r m ,  i n  t h i c h  I J ~  
par t ic ipated.  This  part  of  t h e  program involved  c o n a t r r i c t i o n  and p r e p a r a t i o n  
of t h e  i n s t r u m e n t s  f o r  f l i g h t  on t h e  U-2 a i r c r a f t  and t h e  a n a l y s i s  of t h e  
magnet ic  tapes from t h o s e  f l i g h t s .  Severa l  t r ips  t o  t h e  flmes Research Center  
idere made i n  p r e p a r a t i o n  f o r  thunderstorm o v e r f l i g h t s  idhich covered  areas o f  
Net.r tlexicc), Srmth Omkota, fllabama, Georgia, and Oklahoma. By f a r  t h e  major 
a c t i v i t y  on t h e  c o n t r a c t  a v e r  t h e  l a s t  t h r e e  y e w s  h a s  been t h e  anct lyais  of 
d a t a  and  t h e  p r e p a r a t i o n  of p a p e r s  f o r  p u b l i c a t i o n .  fls r e f e r r e d  t o  earlier,  
t h e  l a s t  a c t i v i t y  b e f o r e  t h m  and of t h e  c o n t r a c t  i d a s  done i n  H u n t s v i l l e  
p r e p a r i n g  t h e  slow antenna  and t h e  opticd WFID i n s t r u m e n t s  f o r  t h e  1986 summer 
f i e l d  progrcrm. 
p u b l i c a t i o n s  i n  ' r e f e r e e d  s c i e n t i f i c  j o u r n a l s  and are  l i s t e d  i n  t h e  next 
s e c t i o n .  I n  t h i s  s e c t i o n  w e  summarize + h e  program results as f o l l o w s :  
experience-tare were nmtwed t o  see hoi.1 a l i p h t n i n g  f l a s h  c a n  c o n t i n u e  t o  
r l i scharqe  c e I l s  over  o huge a r e a  ( a t  l eas t  60x40 k m )  and funnel  t h e  c h a r g e  
doim a s i n g l e  channel t o  e a r t h .  We estimated t h a t  t h i s  f l a s h  1otJered someuhcre 
i n  t h e  v i c i n i t y  od 500 coulombs of c h a r g e  t o  e a r t h .  
fill of t h e  requi rements  r e g a r d i n g  a s t r o n a u t  t r a i n i n g ,  presence  a t  JSC ~ 
n e t a i l a  of t h e  r e s e a r c h  r e s u l t s  of t h e  p r o y a m  are g i v e n  i n  a series of 
a. L i g h t n i n g  f l a s h  development as s e e n  from t h e  Space S h u t t l e  i.ras a net4 
b. From t h e  i n i t i a l  o p t i c a l  measurements on a U - 2 ,  t.te conclude t h a t ,  
a l t h o u g h  t h e  sample of I i p h t n i n g  d i s c h a r g e s  is small, t h e  measurementn 
i n d i c a t e  t h a t  p robahly  enough o p t i c a l  s i g n a l  is p r e s e n t  f o r , t h e  d e t e c t i o n  of 
The rise-time of t h e  o p t i c a l  s i g n a l s  which emerge t h r w a h  t h e  cloud 
I i q h t n i n g  f l a s h e s  from a peosynchronous s a t e l l i t e .  
c. 
fnp i s  fnr s l o i ~ e r  t h a n  t h e  a I e c t r i c  f i e l d  risetimes. Optical  r i s e f i m e s  
a s s o c i a t e d  w i t h  r e t u r n  s t r o k e s  average about  100 t o  200  microseconds; many are 
8% long =s 358-51?@ nicrcseconds, This resglf eppmrs t o  show t h a t ,  uhereas  
electric r a d i a t i o n  f i e l d s  depend upon t h e  ra te  of rise of c u r r e n t ,  t h e  o p t i c a l  
r a t e  of rise is  defermined by t h e  ra te  of proldth of the e l o n g a t i n g  I C ~ n i n m ~ s  
c h a n n e l s  na rmll as by m i t i p a t h  s c a t t e r i n g  i n  t h e  c loud .  
I .  
d. Some o p t i c a l  a i g n a l s  revelrll a l i g h t n i n g  f i n e - s t r u c t u r e  uhich parallels 
t h o  e lectr ic  f i e l d  chonges n s s o c i a t e d  r r i th  leader-return s t r o k e  p n i r s .  A t  
p r e s e n t ,  we are  not a b l e  t o  e x p l a i n  uhy some f larrhes  e x h i h i t  t h i s  f i n e  
s t r u c t u r e  i ~ h i l e  o t h e r s  do n o t .  The d e l i n e a t i o n  o f  t h e  o p t i c a l  leader s t r o k e s  
reqi i res  r e s o l u t i o n  of about 100 microseconds o r  b e t t e r ,  A v a l u e  b a r e l y  
p o s s i b l e  i.iith t h e  s l o u  tape speed used on t h e  U-2 f l i g h t s  ( i n  o r d e r  t o  
i n c r e a s e  t h e  data t a k i n g  time). I f  i t  cnn be shown t h a t  t h o  l e a d e r  i s  a 
r e g u l a r l y  r e c o g n i z a b l e  f e a t u r e  o f  the above-cloud o p t i c a I  r a d i a t i o n  from 
g c w n d  s t r o k e s ,  i t s  presence  c o u l d  form t h e  b a s i s  f o r  d i s t i n p u i s h i n g  hoti.ieen 
cl wd- to-cl  mid and cl  wd- to-grou nd f 1 a s h e s .  
f ldd i f iona i  results are  d e t a i l e d  i n  t h e  p u b l i c a t i o n s  l i s t e d  below. 
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I n  a d d i t i o n  t o  t h e  above r e f e r e e d  p u b l i c a t i o n s ,  10 p a p e r s  lsere p r e s e n t e d  
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Geophys ica l  Union i n  Sun Francisco .  
:: 
One flaster's degree t h e s i s  was s u p p o r t e d  on ttb project: 
"Some P r o p e r t i e s  of  L i g h t n i n p  Radiation i n  t h e  F r e h e n c y  Range 
flHz", by C. T. Rhodes, New Mexico Tech, 1984. 
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